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Abstract:
My thesis research project deals with the use of geothermal heat in Antarctica.
Currently it is not allowed due to article 7 of the 1991 Protocol on Environmental Protection
that placed a 50 moratorium on the exploitation of mineral resources. The US main base in
Antarctica, McMurdo Station is currently powered by diesel generators that are inefficient,
cause environmental damage, and is expensive to run. By exploring alternative energy
options, McMurdo Station can reduce its dependence on non-renewable energy sources. By
determining the geothermal potential of McMurdo Station, this project explores the
possibilities and benefits that would occur with the utilization of geothermal heat at
McMurdo Station.
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Introduction

With a world full of concerns over large issues such as climate change and
environmental problems, it is important to understand the role that Polar Regions play in the
global environment. Understanding the dynamics of these unique places helps to gain a
better understanding of the entire world as a whole. Antarctica is a place of pristine nature
that has been the focus of scientific investigations for many years. Figure 1 shows a map of
the southern continent. This continent is unique in the fact that it largely untouched from
significant human influence. Antarctica is a frozen continent that is about 10% of the Earth’s
total land surface. The continent is covered with massive ice sheets that can reach 3 miles
think is some places, and contains 98% of the world’s fresh water in the form of ice (Joyner
1998).
Antarctica is also home to some of the harshest weather conditions in the world. This
continent is the highest, driest, windiest, coldest, remotest, and most desolate place on the
planet. In spite of this, there are large amounts of living organisms that can thrive in this
environment. However, this region is very sensitive to outside influence. Because this is the
case, it has been the goal of many countries to protect the pristine environment of Antarctica
through international treaties and agreements such as the Antarctic treaty.
U.S. has had a sustained presence in Antarctica since the middle 1950s. Energy,
sustainability, and environmental impacts have been a key issue. Trying to find an available
source of renewable energy has been the major focus of many countries. Currently Solar and
wind energy is being harvested. However, another local, renewable resource of geothermal
heat is not allowed. The 1991 agreement on Environmental Protection prohibits the
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exploitation of mineral resources in Antarctica. Because geothermal heat must be extracted
from within the earth, it is considered a mineral resource, and is not allowed. I will examine
and discuss the reasons behind this treaty, why geothermal heat use is not allowed, and the
potential of its use at McMurdo Station.

The Antarctic Treaty
From the first landings in Antarctica in the early 19th Century up until World War II,
the motivation for human presence on this continent was to gain knowledge and accumulate
economic gain. The focus of activities in Antarctica during the 1957-58 International
Geophysical Year (IGY) was on science. Territorial claims were suspended through the
negotiation of the Antarctic Treaty in 1959, which was signed by 12 countries in 1961
(Vicuna, 1983). Through this treaty, science became the main objective that all nations with
territorial claims could agree upon. This treaty has kept the Antarctica free from human
conflict and has preserved it as a place for scientific research. The main objective of this
treaty was to keep Antarctica free of human conflict so that it may be used peacefully in the
interest of all mankind for scientific purposes as illustrated in Figure 2 (Antarctic Treaty).
In the beginning of this exploration of Antarctica, scientific research focused directly
on the continent and surrounding regions. These early investigations were very valuable as
scientists began to understand this vast polar region. However, with the advance of
technology and new measuring techniques, the breadth of this science evolved in scope and
global significance. With a new understanding of the role that the poles play in the global
climate system, the research conducted in Antarctica has a much broader global application
to our global community.
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Goals: Stewardship and Science
Since the adoption of the Antarctic Treaty in 1959, Antarctic science has thrived and
expanded in scope, and 47 nations have now signed as seen in figure 3. Many of today’s
major scientific questions that our world is working to understand, can only be properly
addressed with research results from Antarctica. As the scope of this science has been
evolving, so to has the policy surrounding Antarctica changed. Since the end of the Cold
War, Earth stewardship has become an important new objective in the frozen realm of
Antarctica, and in the global world. Stewardship in Antarctica means, “making reasoned,
foreword-looking decisions based on scientific knowledge for the preservation, protection,
and conservation of Antarctica for future generations, and for Earth as a system” (National
Research Council 1993). In this new context, science and environmental issues are
connected. Human activities in Antarctica, and scientific research must keep this stewardship
in mind as a main goal.
Through the transition from the exploration of Antarctica to the international
cooperation and then to the new principles of stewardship, science has remained the main
objective of human presence on this continent, and has expanded in scope. Through studying
this continent, scientists have gained a new and better understanding of Antarctica, Earth, and
the its interconnected global systems.
One of the main contributions of Antarctic research is in the field of Earth history and
paleoclimate. The variation of climate on planet Earth is a very complex and involves
interconnection of Earth’s systems. To begin to understand the past climate on Earth,
scientists have been able to use clues from the geologic record. Through sampling of ice and
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sediment cores, scientists can determine past mean global surface temperatures (Kious and
Tilling, 1996). As these controls are complex, we can gain valuable information from ice
core records and the tiny air bubbles trapped in the ice. Scientists are able to create numerical
models of past climate on the Earth and check the accuracy of their models by comparing it
to the geologic record that was recorded in sediment deposited over millions of years.

Importance of Antarctic Research
This information that can be gained is extremely valuable for analyzing current and
future climate trends. Using the geologic record, scientists can better understand continental
drift that led to the modern arrangement of Earth’s continents, and ocean circulation. Such
information is vital to the understanding of current forces that affect our world. One example
is the West Antarctic Ice Sheet, in that it is vulnerable to climate change, with a potential for
collapse (Child, Antarctica and South American Geopolitics, 1988). If the West Antarctic
Ice Sheet were to melt, it would raise global sea levels by about 5 meters. Furthermore, with
the discovery of active volcanoes beneath this ice sheet, it is even more important to
understand the controls that govern this ice sheet to be able to predict the ice sheet’s response
to future warming in a high CO2 world.
For complete knowledge of global climate and climate change, it is important to
understand the intricate dynamics of all aspects of Antarctica. Polar regions are thought to be
the key to early detection of global change, because of the vulnerability that these Polar
Regions are susceptible to. Major scientific disciplines focused of Antarctic research that
bare on climate change include ecology, atmospheric science, oceanography, glaciology, and
geology.

7

Research Problem

As scientific research expands, it places a greater strain on the Antarctic environment.
Because of its remoteness and harsh conditions that exist, Antarctic research is resourceintensive due to the large amount of logistical support that is required. Implementation of the
1991 Protocol on Environmental Protection has added additional costs due to increasing
monitoring and meeting new environmental requirements. In addition, the rising cost of
fossil fuels is endangering future research that can be done. Burning of diesel fuel to produce
power creates harmful emissions, pollutes the environment, and uses a non-renewable fuel
source that must be imported at great cost. Not only does this have an impact on the
environment, but also it is also expensive.
When looking for new potential energy sources to support research programs in this
remote region, but with reduced environmental impacts, one local, environmental friendly
option is using geothermal energy. Using the Earth’s naturally occurring heat, a geothermal
system would be a reliable source of heat for buildings, and could also be used to melt
drinking water. Utilization of this resource would reduce the amount spent on scientific
support, create more available funds for research, and reduce environmental impacts of the
Antarctic environment. However, because this energy is considered a mineral resource,
exploitation of this would be in direct violation of the 1991 Protocol. As article 7 states:
“Any activity relating to mineral resources, other than scientific research, shall be prohibited”
(Young, Polar Politics 1993). This has effectively banned the use of this renewable,
environmentally friendly resource.
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Materials and Methods

My thesis project consists mainly of a literature review. To conduct my research, I
used books, journals, publications, and websites to gather information about a wide range of
topics. The first thing that I researched was Antarctica’s history and the policy that governs
this frozen continent. To understand the international policy agreements that govern
activities on this continent, it was important to understand the historical context that led to
such agreements as the Antarctic Treaty and the 1991 Madrid Protocol on Environmental
Protection to the Antarctic Treaty.

Understanding the political climate that brought about

these agreements can help to understand what the main goals and objectives. By knowing
what these treaties were protecting, we can develop policy alternatives that still adhere to
these goals.
The next part of my research focused on McMurdo Station, the main US base in
Antarctica. I researched information about the population dynamics, energy use, and
environmental impacts of McMurdo Station. I also researched information about alternative
energy sources that are currently being used in Antarctica. I studied how wind and solar
energy is currently being utilized in Antarctica, and I studied the benefits and challenges
associated with each type of energy.
Finally, I collected information about geothermal energy technology and its uses.
Since this is currently not allowed in Antarctica, I studied how traditional systems all over
the world work to determine the best choice of geothermal system for McMurdo Station. I
also had to determine the geothermal potential of McMurdo Station. To use a geothermal
system at McMurdo Station, there had to be a possibility of geothermal potential.
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The only materials used for my thesis project were resources such as books, journals,
and websites. I did consult a mechanical engineer that designs geothermal systems in the
United States. He helped to answer questions about geothermal systems, as well as helped to
recommend what type of system would work best for McMurdo Station. I did not run into
any extra financial costs so I did not include a budget.

Literature Review
Auburn, F.M. Antarctic Law and Politics.
This book contains a lot of information about the specific law and politics of a
large range of issues in Antarctica. Although I will not need to know all aspects
that this book covers, it will be useful in terms of dispute settlement, along with
environmental concerns.
Beck, Peter. The International Politics of Antarctica.
This book has important information regarding the peaceful use of Antarctica.
This continent has become a global commons for the use of science in peaceful
measures. This book discusses how the Antarctic Treaty system works to
promote this goal, and will provide critical knowledge of the treaty itself.
De Wit, Minerals and Mining in Antarctica.
This book discusses specific issues in Antarctica as pertained to Mining and
Minerals on the continent. It not only discusses the expansive resource potential
that the continent has, but it also examines the regulations that prevent their
exploitation. This book will also help to determine the future of potential uses of
these valuable resources.
Joyner, Governing the Frozen Commons.
This book will be used to help to understand the complex politics and treaty
system that governs the frozen continent of Antarctica. This book takes a look at
the Antarctic Regime and how it achieves environmental protection. Joyner uses
the fields of international law and relations to provide insight on issues that
arise in governing Antarctica.
Kyle, Geothermal Resources of Antarctica.
This article explored the geothermal potential of various locations in Antarctica. The
most important location was at McMurdo Station. This report has critical information
about the geothermal heat potential currently present due to volcanic activity in the
area.
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Morin, R. "Downhole Measurements in the AND-1B Borehole, ANDRILL McMurdo Ice
Shelf Project, Antarctica." Terra Antarctica.
This article will be particularly helpful in determining the geothermal potential
of McMurdo Station. This report has information from test holes drilled by
ANRIL to take multiple measurements. The most significant for me is the
temperature gradient scale that it measured, showing the great geothermal
potential.
National Research Council. Science and Stewardship in the Antarctic.
This small book put together by the National Research Council will also help to
understand complex issues that arise when trying to govern Antarctica. The
main goal of the Antarctic Treaty was to preserve this continent for peaceful
purposes, and this book takes a look at the ways that science is achieving this. It
also discusses how the stewardship is carried out through implementation of
Different Environmental PROTOCOL.
Quigg, Philip W. Antarctica: The Continuing Experiment
This book has a lot of information specific to the Antarctic Treaty. It contains an
entire version of the treaty itself, and also gives background information. This
will be important to know how and why the Antarctic Treaty was implemented,
as well as play a crucial role in understanding what the goals of this treaty were
meant to protect.
Splettstoesser, John F. Mineral Resources Potential of Antarctica.
This book is a part of a volume of sources that I might potentially use. This
particular one, Volume 51, has a lot of useful information about the mineral
resource potential of Antarctica. Although it does not directly mention
geothermal energy as a resource, it does discuss important geologic information
that is crucial to having a geothermal heat potential.
USGS. Living With Volcanoes: The Plus Side of Volcanoes Geothermal Energy.
This is an online source from the US Geological Survey that is a credible source.
This website gave me some founding and basic information about the use of
geothermal heat especially as associated with a volcano as is the case at
McMurdo Station in Antarctica. This information will help me to create a base of
more information about specifics of geothermal heat use.
Woik, T., D. Grelle, and D. Handwerger. "Downhole Measurements in the AND-2B
Borehole, ANDRILL Southern McMurdo Sound Project, Antarctica." Terra
Antarctica 15.1 (2008-2009): 57-68. Print.
This article will also help to determine the geothermal potential. It discusses
measurements taken from another borehole near McMurdo Station in
Antarctica. This has great information about the temperature gradient with
depth.
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Results

Environmental Policy
The politics that govern Antarctica are very complex. In 1959, 12 countries signed
the Antarctic Treaty, which preserves Antarctica to be used exclusively for peaceful purposes
and shall not become the scene or object of international discord. At the heart of the
Antarctic Treaty, it’s the objective to establish Antarctica as a continent to be used
exclusively for peaceful purposes. The treaty also promotes scientific research and mandates
the reduction of environmental impacts.
The Antarctic Treaty is unique because it does not divide the continent up with
political boundaries. However, because of this, many people were concerned that some
countries might start to exploit the natural resources of this continent. If this were to happen,
the Antarctic environment would be at huge risk of being tainted. To prevent this, the 1991
Madrid Protocol placed a 50-year moratorium on the exploitation of mineral resources in
Antarctica. Geothermal energy falls in the category of a mineral resource, because it has to
be drilled for (Vidas, Implementing the Environmental Protection for Antarctica, 1990).
Currently, geothermal energy use is not permitted. However, there has been a study
done to determine the feasibility of utilizing this natural resource at McMurdo Station. As
mentioned earlier, McMurdo Station is located on Ross Island, a volcanic island and home to
an active volcano, Mt Erebus. This setting creates a unique opportunity for the use of
geothermal energy at McMurdo Station.

Environmental Protection
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Stewardship is an increasingly important goal in Antarctica and in the global world
commons. As people around the world began to understand and appreciate the importance of
preserving pristine environments, we have become more aware of local environmental
problems that detract from our quality of life. Such issues as polluted water and air have
threatened the health of both humans and the environment. People are becoming more aware
of their daily impact on the environment. This has led a focus by individuals and
governments to address this issue by calling for sustainable development and environmental
protection. Antarctica has become a leader in Environmental Protection, a feat that is
accomplished nowhere else in the world, and demonstrates how nations can work together
peacefully for the benefit of the global community (Peterson, Managing the Frozen South,
1988).
Antarctica remains mostly untouched, in comparison to other continents of the world,
due to its extreme remoteness and harsh environment. Though this has not always been the
case, the pristine nature of Antarctica has not always been valued or protected. Many events
and human activities in Antarctica have disrupted natural processes. For example, human
occupation at places such as McMurdo Station has caused contamination of soil through
leakage of fuels and other activities.

The 1991 Madrid Protocol on Environmental Protection to the Antarctic Treaty

During the 1980s, concerns about environmental protection became a global issue.
People became aware of complex relationships in the Earth’s systems and how their actions
directly affect the environment. Pollution became a large human health issue. Damage to
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the environment created a growing appreciation for untouched nature; national parks were
created to save valuable lands from destruction. Absence of controls in other areas led to
extreme degradation of natural environments, such as the disappearance of tropical rain
forests. Antarctica is unique because of the limited human activity that has occurred there. It
is an ideal place to study relationships of natural interactions that have been untouched my
man for millions of years
With a growing, environmental movement, concerns about environmental practices in
Antarctica arose. The 1970s oil crisis spurred great interests in prospecting for natural
resources in Antarctica. These concerns grew with the interest in extraction of resources
from all of the continents. Antarctic Treaty members developed ways to protect this
environment from human activity. Following a series of negotiations in 1991, an agreement
was reached where stewardship and environmental protection in Antarctica was to be
followed. This resulted in the signing of the Protocol on Environmental Protection to the
Antarctic Treaty in 1991, which protects the Antarctic environment from human impacts.

Ross Island
With scientific research being the focal point of human presence in Antarctica, over
40 scientific stations have been set up by Treaty Parties. The United States main research
outpost, McMurdo Station, was established in 1956. McMurdo Station is located on Ross
Island, a volcanic outcrop that is also home to the southern most active volcano, Mt. Erebus
as seen in figure 4. This station was built on bare volcanic rock on the part of the island
known as Hut Point Peninsula, home to the historic hut build by Scott for the Discovery
expedition in the early 1900s. Hut Point Peninsula is a narrow land mass 15 miles long that
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extends southwest from the slope of Mt. Erebus, as seen in figure 5. This is a strategic
location because it is the furthest point south that is accessible by ship during the summer
months (National Science Foundation).

McMurdo Station
Hut Point Peninsula is also home both the US base McMurdo Station and New
Zealand’s Scott Base, comprising Antarctica’s largest community. The population of
McMurdo Station reaches about 1200 people in the summer months, and shrinks to about
200 people in the winter. The station covers about 1.5 square miles of land that originally
was a naval base consisting of a few buildings, established in advance of the International
Geophysical Year. This station has expanded to over 100 structures and is a crucial center
for logistical support of scientific research in Antarctica. McMurdo Station also includes a
near by airport named Williams Field. It has landing strips on the sea ice and ice shelf along
with a helicopter pad. McMurdo Station also has aboveground water, sewer, telephone and
power lines that link the buildings. Figure 6 shows a picture of the McMurdo Station.
Due to its unique geographical location, McMurdo Station plays a strategic role in
providing logistic support to Antarctic Research. The United States spends millions of
dollars annually to transport support materials to this station. However, because of its remote
location and extreme weather conditions, supporting such a station comes at a high price
economically and environmentally. All of the supplies for Antarctica must be transported
across the vast and dangerous Southern Ocean that increases the cost of all supplies
exponentially. Such support materials include food, equipment, building supplies, and fuel.
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One of the largest operational costs economically and environmentally comes from the
production of power for McMurdo Station.

Operational Expenses
McMurdo station operates year round, even during the extreme winter months where
there will be no sun for 6 months. Power requirements to run this Station are quite large that
makes having a reliable power source essential. To provide enough energy to run this
station, McMurdo has its own power plant. This power plant generates electricity using Cat
D-399 engines that run off diesel fuel (National Science Foundation). The power plant uses
an estimated 2 million gallons of diesel fuel yearly for power, heat and water distillation
(National Science Foundation). These generators are inefficient when compared to modern
engines. This results in inefficient use of fuel resources that are very expensive to import.
This creates a large environmental impact that is a direct result of human activity.
Generation of power by burning fossil fuels creates harmful emissions that directly impact
the quality of the pristine Antarctic environment. Release of such gasses like carbon dioxide
adds to the global challenge of climate change. Not only does power generation using fossil
fuels create emissions, but it also creates logistical issues to assure a reliable power source.
In 2008, the National Science Foundation, in charge of U.S. Antarctic Research,
budgeted $368 million for the year in Antarctica. Of this amount, only $64.49 million was
for research, while $173.14 million was for operations and science support. Environment,
Safety and Health had a budget of $6.48 million and $67.52 million for logistics (National
Science Foundation 2007). The majority of cost was not for research, but rather support of
these operations.
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Another major issue that arises with power generation is the logistics of storage of the
fuel until it is needed. Due to its extreme environment, it is crucial to the lives of all the
residents that there be a sufficient fuel supply to support the community during times when
resupply of this fuel is not physically possible. This has created the need to have and store
large excess amounts of diesel fuel. This then represents another potential threat to the
Antarctic environment. There is a high possibility of leaks during the storage and transport
of this fuel to the power plant.

Human Disturbances
A study was done of temporal and spatial patterns of anthropogenic disturbance at
McMurdo Station, Antarctica by Kennicutt II, Klein, et al. This study examined the impact
that human activity has created at McMurdo Station. The first figure shows physical
disturbance of surface lands at McMurdo Station. As you can see from the figure 7, most
disturbances occurred prior to the 1970s as major construction to compete this permanent
station occurred. The disturbance is restricted to a few square kilometers around the station.
These land disturbance are slow to recover because of limited run off in the area will be slow
to redistribute materials (Kennicutt, Temporal and Spatial Patterns of Anthropogenic
Disturbance at McMurdo Station, 2010).
Figure 8 shows contamination of petroleum hydrocarbons in the soil at McMurdo
Station. Petroleum hydrocarbons from fuel are the largest volume of potential contaminants
brought to Antarctica. The contamination is highest in areas where fuel is used or stored
such as refueling station and vehicle routes. These hydrocarbons can impact the
environment, but only at high levels over 1000 PPM (Kennicutt, Temporal and Spatial
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Patterns of Anthropogenic Disturbance at McMurdo Station, 2010). This graphic shows the
impact that using fossil fuels has on McMurdo Station, and this impact would be similar in
other locations.

Solution
Recently, there has been a push to develop energy sources that can be sustainable for
Antarctica. Many countries with research operations in Antarctica have begun to use
renewable energy sources such as wind and solar power in an effort to create a more reliable
and sustainable energy source for this remote continent. Another source of renewable energy
that could be utilized is geothermal energy. However, this is currently now allowed under
the Antarctic Treaty due to the 1991 Madrid Protocol on Environmental Protection. This
protocol placed a 50-year moratorium on the exploitation of mineral resources, and
geothermal energy is considered a mineral resource because it has to be extracted from
within the Earth. I believe that by diversifying McMurdo’s available energy profile, it will
greatly reduce not only the costs of scientific support, but also it will create a more reliable
source of energy that is available year round.

Geothermal Heat
Geothermal Heat is defined as heat from the Earth. This heat is a naturally occurring,
renewable resource that can be utilized all over the earth. Figure 9 shows the temperature
profile for the Earth. Geothermal energy has been used for a long time. The first use of this
energy can be traced back over 10,000 years ago to the American Paleo-Indian settlements
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near hot springs. This settlement utilized the hot springs for activities such as bathing and
heating. The Roman Empire used geothermal energy to heat buildings in Pompeii, and also
to heat water for baths. There has even been many way wars waged over lands with hot
springs. More recently, the first industrial use occurred in the late 18th century in Italy to
produce vegetables year round (USGS Living With Volcanoes).
Since this time, there has been much advancement in technology that has made
geothermal heat use more efficient. Because of the efficiency of this renewable resource,
geothermal heat use has rapidly expanded and is used worldwide. This naturally occurring
energy is considered a renewable energy because the heat radiating from the inside of the
Earth is essentially limitless. The heat from the center of the Earth travels primarily through
conduction and is estimated to be equal to 20 million megawatts of power (Geothermal Heat
Pumps). This energy supply is expected to last for billions of years to come, making this
energy supply limitless.
Geothermal heat today can be used several different ways. One way to utilize this
energy is to use it to produce power. A geothermal power plant utilizes hot water from deep
with in the Earth. Hot water is pumped to the surface where it creates steam that is used to
turn a generator and create electricity. It is important to note that for this type of system,
there must be a large amount of available heat to use. Another use for geothermal heat is in
the form of direct heating.
Direct heating uses geothermal heat pumps to take advantage of the Earth’s constant
internal temperature. A geothermal heat pump system uses a system of wells to circulate
water through a pipe buried in a continuous loop. To heat a building, the system pulls heat
from the Earth into the liquid water in the system. This heated water is then transported to
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where the heat is needed using a traditional duct system. An illustration of a direct heating
system is shown in Figure 10. The opposite is also true for the cooling process. A
geothermal heat pump system can also be used to heat water. When compared to a
traditional heating and cooling system, a geothermal pump system used for direct heat can
reduce electricity use by 30 – 60% (Geothermal Heat Pumps). Although energy is still used,
it is only used to collect, concentrate, and deliver heat, not to produce it. This is why the
Environmental Protection Agency considers geothermal heat pump systems to be one of the
most efficient heating and cooling systems available.

Other Energy Alternatives

As use of geothermal heat is not permitted in Antarctica under the 1991 Madrid
Protocol on Environmental Protection, many countries have begun to utilize other natural
resources such as wind and solar energy, in order to reduce reliance on fossil fuels that need
to be transported. These are good options that utilize resources that are locally available.
However, there are some problems that do arise in using these resources that are specific to
Antarctica. For example, solar energy can only be utilized during the summer months. The
6 months of darkness in which solar collectors and solar cells are rendered useless. A solar
panel can charge a battery, but a battery can hold only a limited charge. This creates a need
for a new energy source during the winter months. To fill this energy need, some nations
have invested in programs to harvest wind energy, but there are issues that arise here too.
Antarctica is one of the windiest places on the Earth. Strong winds rip across vast
expanses of flat, icy landscapes. Wind speeds here reach over 320 kilometers per hour
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(Auburn, Antarctica Law and Politics, 1982). This makes Antarctica a good place for the use
of wind turbines to generate electricity. However, because of the extreme environment, there
are problems with traditional wind turbine design. For example, many conventional turbines
use concrete to secure the base. However, in Antarctica, concrete cannot be made because of
how cold and dry the environment is. Concrete that is used must be prefabricated before it is
shipped as seen in figure 11. Therefore, wind turbines must be specially installed with
special metal bolts directly to the ground as seen in figure 12. This greatly increases the cost
and limits the size of the turbines.
Another problem that wind power run into is the maintenance of the turbines. There
are many moving parts that need regular service. Furthermore, strong winds can cause
damage to turbines when they start to turn to fast. This has led to the development of new
styles of wind turbines that change the blades shape during times of high wind. Another issue
that this project had to overcome is machinery to install the turbines. A large crane had to be
shipped down to Antarctica to help with installation as seen in figure 13.

Princess Elisabeth Station
One country that has employed these new technologies is Belgium, which has
recently finished construction of its new Princess Elisabeth Station, the first zero-emission
Antarctic research station. This station, completed in 2009, uses a combination of wind
turbines and solar collector cells to power the station and provide for daily needs. There are
9 wind turbines that operate year round to provide the station with electricity. Any excess
energy is stored in batteries located inside of the station to ensure optimal resource
consumption. The station also utilizes 2 types of solar collectors. Photovoltaic panels also
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provide electricity, and solar thermal panels melt ice and snow for drinking water and hot
water during the summer.
Besides a diverse energy profile, this Belgian station also utilizes a passive building
design. Princess Elisabeth Station’s skin, shape, orientation, and window placement allow
for a comfortable temperature inside of the station with little energy input. Figures 14 and 15
show pictures of the new station. A sophisticated ventilation and air circulation system
controls the indoor temperature, and a central intelligent unit is crucial in optimizing all of
these systems. This station also integrates a water treatment system that recycles and reuses
all of its water.
Princess Elisabeth Station’s shell was designed to be easily disassembled and shipped
out. It was constructed from a wood and stainless steel structure that can be recycled after reuse (First Zero Emission Polar Research Station). By using smart design concepts along with
a diverse energy portfolio, this station is the first zero-emission station in Antarctica.
Princess Elizabeth Station is a great example of how we can begin to solve our climate
challenge, while still promoting science and stewardship goals as established by the Antarctic
Treaty.

McMurdo Station Energy Use
There is much to learn from this example, but there are still other issues that stations
such as McMurdo must solve. For example, Princess Elisabeth Station is only habitable
during the summer months when there is plenty of sun to power the station. This station
cannot support a population during the dark winter months.
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There are around 200 residents at McMurdo station in the winter that cannot rely on
this solar power. Wind energy can still be utilized, but that does not create large enough
amounts of electricity for all of the station’s daily needs. Currently, McMurdo Station has to
run its diesel power plant year round. Even though the population is drastically smaller
during the winter as seen in figure 16 (Antarctica past and present), the power plant has to
generate about the same amount of energy as seen in figure 17 (Baring-Gould).

McMurdo Wind Farm

To help offset energy production from the diesel generator at McMurdo Station, 3
wind turbines were recently installed on Ross Island each with a 330 KW generating
capacity. Figure 18 shows a picture of the newly installed wind turbines. These turbines
have just begun to be put to use and this wind farm is estimated to provide about 15% of the
electricity demands for McMurdo Station. This will save an estimated 120,000 gallons of
fuel per year. The turbine sits atop a 130-foot turbine tower with a blade diameter of 108 feet
(McMurdo Wind Farm). This is a great step towards diversifying McMurdo Station’s energy
profile. By continuing to promote diverse energy resource use, we can continue to decrease
our dependence on fossil fuels, and increase the amount of money available for research
projects.

Geothermal Energy Uses and Benefits
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McMurdo station is an ideal location for the use of geothermal energy because of a
high geothermal potential (Kyle, Geothermal Resources of Antarctica, 1 990). The station is
located directly on volcanic bedrock that makes drilling wells to harvest the Earth’s naturally
occurring energy feasible. There is not any need to worry about large flowing glaciers of ice
at McMurdo. In addition, because Ross Island is active volcanically, there is a large amount
of heat available not far below the surface. Figures 19 and 20 show a temperature gradient
profile for 2 test drill holes taken by ANDRIL near Ross Island. These temperature gradients
show that there is more than enough heat available not far from the surface. A typical
geothermal system needs a temperature range of 0 – 32 degrees Celsius. The profiles show
that the temperature in these test holes is more than sufficient for use of a direct heating
system. One thing important to note is that these temperature profiles were taken below the
sea floor. However, I believe that the same temperature gradients exist on land too. Also,
there is currently an ANDRILL drilling rig at the station that could be used to drill the wells
as seen in figure 21. This will help to keeping costs down by not having to import heavy
machinery. This ANDRIL rig can drill up to 2,500 meters down, which is more than enough
for a geothermal system to be installed.
Figure 22 also shows the geologic cross section of Ross Island. Notice how you can
see areas of active lava flow due to Mt Erebus. There are underground lava flows and pools
that create large amounts of heat. Directly below Mt. Erebus there is also a magma lake.
This again strengthens the possibility of Ross Island having a high potential for geothermal
energy use. Furthermore, other geothermal heat flow measurements have been taken in the
Ross Island area. This area is thought to have high heat flow. Measurements of heat flow in
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this location were close to twice the continental average (Kyle, Geothermal Resources of
Antarctica, 1990).
If a geothermal energy station is installed, there could be many possible uses of this
energy. First of all, this energy can be directly used to heat building that house residents and
laboratories. Another building that this energy could heat would be the greenhouse. There is
currently a greenhouse at McMurdo Station that is used to grow a small amount of produce
that is used to feed the workers. By using geothermal energy, this greenhouse could be kept
at a more constant temperature level that would optimize growth.
Another major application that geothermal energy could be used for is providing fresh
water. Geothermal heat can be utilized to melt ice and snow, an activity that consumes a
large amount of energy. Doing so, this would not only lessen our emissions form the power
plant, but it would also save money. This energy is coming from a local, sustainable source,
naturally occurring in the environment. By expanding our renewable energy resources
available, we can begin to drastically reducing the amount of oil that we currently have to
ship across the dangerous Southern Ocean. This would decrease the support costs and
increase funds available for continuing scientific research.

Recommendations
I believe that a small system of direct heating using geothermal pumps should be
installed and used at McMurdo Station. This area has been shown to have a high geothermal
potential, and would be a good location to try such a system out. Because most places in
Antarctica are not suitable for geothermal heat use, I believe that a small project should be
allowed at McMurdo Station. A small system would include only a few geothermal wells to
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directly heat a few buildings, and also melt and heat drinking water. I believe that by using a
system of geothermal heat pumps, McMurdo Station will greatly benefit from reduced
electricity consumption, and a reduction of harmful emissions from the power plant.
Installing a closed-system geothermal loop with 4 well holes, McMurdo Station can
reduce its environmental impact. A closed system does not have any emission or waste
product. Currently, a closed-system of geothermal pumps would utilize a buried
underground pipe about 1 inch in diameter. This pipe would be filled with water and
Propylene Glycol. This chemical is non-toxic, and used to prevent freezing and bursting of
the pipes if the system were to fail.
By starting with a small-scale geothermal system, there would enough time to study
its benefits as well as to help to understand the impact that it has on the environment.
Geothermal systems are zero-emission systems, so most of the environmental impact would
come from drilling the well holes. I believe that this would create some impact, but this
impact would be minimal since McMurdo Station has already impacted the environment. By
installing and studying a small geothermal system, I believe that there would be more
benefits than drawbacks. Starting on a small-scale system would allow for an environmental
impact assessment to be conducted in compliance with the 1991 Environmental Protocol.
Once the impacts were known, installation of a larger system can then be discussed.
However, using geothermal energy to produce electricity might still be out of the
question. Due to lack of precipitation and a permafrost layer that prevents infiltration of
surface water to depths, I believe that a geothermal power plant would not be feasible. For
this type of system, reservoirs of hot water must be found, something that is not likely in
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Antarctica. Nevertheless, more studying of this region is needed to determine the final
possibility of a geothermal power plant.

Conclusions
Although geothermal energy is not currently allowed in Antarctica due to the 1991
Madrid Protocol on Environmental Protection, national programs should consider proposing
an exemption or clarification of this definition. This treaty suspended the exploitation of
mineral resources for the next 50 years. The reason that this was done was to protect the
environment from mineral exploitation. Antarctica is though to have vast resources of great
value to the rest of the world. However, if exploitation of these resources were allowed, it
would come at the expense to the environment, as has been the case in almost all developing
countries. Unfortunately, geothermal energy falls under this category because it must be
mined for.
This issue has recently been the center of much debate. The Madrid Protocol was put
in place to protect the environment in accordance with the original Antarctic Treaty. The
treaty wants to minimize environmental impacts in order to protect this pristine environment
for peaceful and scientific purposes. Use of geothermal energy would greatly reduce the
environmental impacts of McMurdo station in direct accordance with the Antarctic Treaty.
By allowing geothermal energy use at McMurdo station, it will help to diversify the
energy portfolio. Utilizing local resources such as solar, wind, and geothermal energy, it will
help to create a renewable energy source that is reliable and environmentally friendly. Doing
so will greatly reduce the impact that McMurdo station has on the environment and will
promote scientific research in Antarctica.
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Figures

Figure 1: Map of Antarctica

Figure 2: Shows importance of scientific research
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Figure 3: Shows the number of countries that have joined the Antarctic Treaty since its signing

Figure 4: A view of Mt. Erebus from Observation Hill

Figure 5: Map of Ross Island and Hut Point Peninsula
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Figure 6: Picture showing McMurdo Station

Figure 7: Shows physical disturbance of surface soils at McMurdo Station
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Figure 8: Shows contamination of surface soil with Petroleum Hydrocarbons at McMurdo Station

Figure 9: Shows temperature range of Earth's interior
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Figure 10: Shows simple diagram of direct heating geothermal system

Figure 11: Precast concrete blocks for wind turbine installation

Figure 12: Metal support brace for wind turbines
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Figure 13: Crane used to install wind turbines at McMurdo Station

Figure 14: Belgium's Princess Elisabeth Station

Figure 15: Belgium's Princess Elisabeth Station
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Figure 16: Population dynamics at McMurdo Station

Figure 17: Power plant production for 2001 at McMurdo Station

36

Figure 18:: Picture of wind farm recently completed at McMurdo Station

Figure 19: Shows temperature
ature gradient profile obtained by ANDRIL
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Figure 20:: Shows temperature profile gradient obtained by ANDRIL near McMurdo Station

Figure 21: ANDRIL drilling rig
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Figure 22: Geological cross section of Ross Island
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